CLAIMS 



(57) [Claim(s)] 

[Claim 1] It is the lachrymal matter Lachrymatory Factor under coexistence of PeCSO of the 
sulfur-containing compound which exists in an onion etc. to enzyme alliinase. It is the 
lachrymal matter generation enzyme which has the operation to generate. The following 
physicochemical property:(1) operations; Under coexistence of enzyme alliinase, act on the 
substrate of the lachrymal matter generation enzyme generated from PeCSO which exists in 
an onion etc., and generate the thio pro panhard-S-oxide of the lachrymal matter. (2) — 
optimal pH; — pH 5.0-6.0 and (3) molecular-weight; — the lachrymal matter generation 
enzyme which has about 18000 (SDS-PAGE electrophoresis method). 

[Claim 2] The following physicochemical property:(1) optimum temperature; the lachrymal 
matter generation enzyme according to claim 1 which has 15-25 degrees C. 
[Claim 3] following physicochemical property: — (1) pH stability; — the lachrymal matter 
generation enzyme according to claim 1 which has stability by pH 5.0-9.0 in 15-25 degrees C 
and the incubation for 10-30 minutes. 

[Claim 4] following physicochemical property:(1) temperature stability; — the incubation for pH 
6.5 or 5 minutes — setting — 60 degrees C or less — stability and (2) molecular-weight; — 
the lachrymal matter generation enzyme according to claim 1 which has about 25000-28000 
(FPLC gel filtration technique). 

[Claim 5] The manufacture approach of the lachrymal matter generation enzyme according to 
claim 1 characterized by adding, crushing and extracting water for an onion. 
[Claim 6] The lachrymal matter generation enzyme according to claim 1 in which generation of 
the thio pro panhard-S-oxide in UVIambdahexane (max(e):254(5160) nm) is shown when it 
measures by the following approaches. 

1) Mix this enzyme with alliinase at a suitable rate. 

2) Add PeCSO and carry out an enzyme reaction for 1 minute. 

3) Add chloroform, **** an enzyme reaction to a stop and coincidence and **** a lachrymal 
component in a chloroform layer. 

4) Measure by HPLC (HPLC: high performance chromatography). 
(Conditions) 

column: — silica gel temperature: — 0-degree-C rate-of-flow: — 1 ml / min mobile phase: — 
2% isopropanol / n-hexane detector: — UV254nm — [Claim 7] The measuring method of the 
activity of the lachrymal matter generation enzyme which is made to add and carry out the 
enzyme reaction of the PeCSO, and is characterized by measuring generation of thio pro 
panhard-S-oxide by HPLC (HPLC: high performance chromatography) after mixing a lachrymal 
matter generation enzyme according to claim 1 with alliinase at a suitable rate. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 



[0001] 

[Field of the Invention] This invention relates to the new lachrymal matter generation enzyme 
which generates the lachrymal matter Lachrymatory Factor (henceforth the lachrymal matter 
LF) generated under coexistence of enzyme alliinase in more detail from PeCSO of the 
sulfur-containing compound which exists in an onion etc., and its manufacturing method about 
the enzyme which acts on the precursor generated from PeCSO which exists in an onion etc., 
and generates the lachrymal matter under coexistence of enzyme alliinase. 
[0002] 

[Description of the Prior Art] If an onion is cut or mashed, the volatile lachrymal matter LF will 
be generated. About this lachrymal matter LF in an onion, Virtanen and others The precursor is 
isolated from an onion and it is (+)-S about this. -(1-propenyl)- L-cysteine sulfoxide (it 
PeCSO(s)) The matter shown by three is identified among drawing 9 , and it is 1-propenyl 
sulfenic acid (among drawing 9 ) about the lachrymal matter LF further. The matter shown by 
11 was identified (Spare and C.G.and Virtanen.A.I., Acta Chem.Scand., 17, and 641 (1963)). 
Then, Brodnitz and others is checking that the lachrymal matter LF is thio pro 
panhard-S-oxide (matter shown by 12 among drawing 9 ) by composition (Brodnitz. M.H., and 
Pascale, J.V., J.Agric.Food.Chem.. 19. and 269 (1971)). 

[0003] Although the research result of the former many was reported about formation and its 
decomposition of the lachrymal matter LF in an onion, the generation mechanism of the 
above-mentioned lachrymal matter LF was considered enzyme alliinase acts on PeCSO of the 
above-mentioned precursor, and are generated. That is. as a mechanism which the lachrymal 
matter LF produces, enzyme alliinase acted on PeCSO of a precursor conventionally, and it 
was thought that it became the nonenzymatic more stable lachrymal matter through a sulfenic 
acid. However, according to the place which this invention person studied, actually, the 
above-mentioned component was not produced only in an operation of enzyme alliinase. but it 
became clear that the intervention of other enzymes is indispensable. Then, while finding out 
that the new enzyme considered that this invention person isomerizes the above-mentioned 
sulfenic acid, and generates the lachrymal matter LF as a result of repeating research further 
wholeheartedly existed, it turned out that the above-mentioned precursor becomes the flavor 
component of an operation of the enzyme concerned different from the lachrymal matter LF 
(namely, scent component) or this how therefore. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention — the above — it is completed based 
on new knowledge and aims at offering the new lachrymal matter generation enzyme which 
acts on the precursor of the lachrymal matter LF which exists in an onion etc., and generates 
the lachrymal matter LF concerned, and its manufacture approach. 
[0005] 

[Means for Solving the Problem] namely, the lachrymal matter generation enzyme which 
generates the lachrymal matter from PeCSO to which this invention exists in an onion etc. 
under coexistence of enzyme alliinase — it comes out. 

Moreover, this invention is the lachrymal matter Lachrymatory Factor under coexistence of 



PeCSO of the sulfur-containing compound which exists in the following physicochemical 
property:(1) operation: onions etc. to enzyme alliinase. Have the operation to generate. (2) — 
substrate specificity; — it acts on the precursor generated under coexistence of enzyme 
alliinase from PeCSO which exists in an onion etc. — (3) — optimal pH; — pH 5.0-6.0 and (4) 
optimum-temperature; — 15-25 degrees C Stability [ set to 15~25 degrees C and the 
incubation for 10 - 30 minutes, and ] (5) — pH stability; — by pH 5.0-9.0 (6) — temperature 
stability; — the incubation for pH 6.5 or 5 minutes — setting — 60 degrees C or less — 
stability and (7) molecular-weight; — the aforementioned lachrymal matter generation enzyme 
which has about 18000 (SDS-PAGE electrophoresis method) and about 25000-28000 (FPLC 
gel filtration technique) — it comes out. furthermore, the manufacture approach of the 
aforementioned lachrymal matter generation enzyme characterized by this invention adding, 
crushing and extracting water for an onion — it comes out. moreover, the lachrymal matter 
generation enzyme in which generation of the thio pro panhard-S-oxide in UVIambdahexane 
(max(e):254(5160) nm) is shown when this invention is measured by the following approaches 
— it comes out. 

1) Mix this enzyme with alliinase at a suitable rate. 

2) Add PeCSO and carry out an enzyme reaction for 1 minute. 

3) Add chloroform. **** an enzyme reaction to a stop and coincidence and **** a lachrymal 
component in a chloroform layer. 

4) Measure by HPLC (HPLC: high performance chromatography). 
(Conditions) 

column: — silica gel temperature: — 0 degree-C rate-ol^flow: — 1 ml / min mobile phase: — 
2% isopropanol / n-hexane detector: — UV — the measuring method of the activity of the 
lachrymal matter generation enzyme which is made to add and carry out the enzyme reaction 
of the PeCSO, and is further characterized by to measure generation of thio pro 
panhard-S-oxide by HPLC (HPLC: high performance chromatography) 254 nm after this 
invention mixes a lachrymal matter generation enzyme with alliinase at a suitable rate — it 
comes out. 
[0006] 

[Embodiment of the Invention] Below, this invention is explained further at a detail. Suitably, 
the enzyme of this invention uses an onion etc. as a raw material, and is extracted and refined, 
and although manufactured, if it is the above-mentioned enzyme content ingredient, things 
other than an onion can be used for it like an onion as a raw material. The following approaches 
are illustrated as a suitable thing as the extract of the enzyme of this invention, and a 
purification process. That is, for example, an onion is used as a raw material, and it adds water 
to this with water, and crushes by a mixer etc. Centrifugal [ of the obtained debris ] is carried 
out, the supernatant is salted out, and protein is settled. Subsequently, it dissolves in the 
buffer solutions, such as a phosphoric-acid buffer, centrifugal [ of the above-mentioned 
settlings ] is carried out, and the supernatant is extracted as crude enzyme liquid. Here, 
although various kinds of things can be used as the buffer solution, a potassium phosphate 
buffer, a citric-acid buffer, an acetic-acid buffer, a tartaric-acid buffer, a succinic-acid buffer. 



a maleic-acid buffer, a Tris-HCI buffer, a citric-acid-phosphoric-acid buffer, etc. are 
illustrated, for example. Next, the crude enzyme liquid obtained by the above-mentioned 
approach can be made into a purification enzyme preparation by carrying out purification 
processing, combining suitably means, such as hydroxyapatite, an ammonium-sulfate 
salting-out, dialysis, the anion exchange, and gel filtration. Although purification of this enzyme 
from crude enzyme liquid can apply not only the above-mentioned approach but well-known 
separation and the purification approach, it can obtain crude enzyme protein from crude 
enzyme liquid with an ammonium-sulfate salting-out method, an organic solvent precipitation 
method, etc., and can carry out purification processing of this by combining suitably various 
chromatographies, such as the ion exchange, gel filtration, and an affinity, further, for example. 
[0007] This enzyme acts on the precursor generated from PeCSO of the sulfur-containing 
compound which exists in an onion etc. under coexistence of enzyme alliinase. Since the 
lachrymal matter LF is generated, work of the enzyme concerned for example, by adjusting by 
adjustment of pH and temperature conditions, application of an enzyme activity inhibitor, etc. It 
is possible to control the reaction path of the above-mentioned precursor, and, thereby, the 
shift to the lachrymal matter LF of a sulfonic acid (namely, scent component) or the shift to 
another flavor component can be controlled. Therefore, it becomes possible to manufacture 
onion workpieces, such as onion powder which controls change to a precursor and the 
lachrymal matter LF from the above PeCSO which exists in an onion by combining enzyme 
alliinase and this enzyme, and becomes possible [ adjusting the flavor of an onion and its 
workpiece. and stimulative ] for example, by which the flavor peculiar to an onion was 
. reinforced, desired flavor, a flavor which has a scent, and a chemical which has a lachrymal 
operation. 
[0008] 

[Example] Next, although this invention is concretely explained based on an example, this 
invention is not limited at all by the example concerned. 

It added water to 1 1, of distilled water for three extract rough purification onions (790g) of an 
example 1 (1) enzyme, and crushed by the mixer. With supercentrifuge, centrifugal was carried 
out for 5 minutes, in addition to [ 709g of ammonium sulfates ] the supernatant (recovery: 1.51.) 
(70% saturation), it salted out 8000 rpm, 5 degrees C, and protein was settled. With the 
supercentrifuge, 8000 rpm, centrifugal was carried out for 5 minutes, and the supernatant was 
thrown away and dissolved 5 degrees C of settlings in buffer A1 I. (buffer A:pH6.5, 50mM 
phosphoric-acid K buffer). With supercentrifuge, 12000 rpm, centrifugal was carried out for 15 
minutes and 5 degrees C (recovery: II.) of supernatants were used as rough purification liquid. 
[0009] (2) The hydroxyapatite high-speed rate-of-flow type (Wako) was put in the high 
RODOKISHI apatite processing 1.5cmx1.5cmx30cm column, and it equilibrated by Buffer A. 
Subsequently, the liquid (recovery: 900ml) which the above-mentioned rough purification liquid 
was made to Pass by the 3.5ml of the rates of flow and min, and was made to Pass it was used 
as Pass liquid. 

[0010] (3) In addition to [ 424.8g of ammonium sulfates ] concentration and 900ml of dialysis 
above-mentioned Pass liquid (70%). it salted out, and protein was settled. With the 



supercentrifuge, 12000 rpm, centrifugal was carried out for 5 minutes, and the supernatant was 
thrown away and dissolved 5 degrees C of settlings in buffer A100 ml. In order to dialyze the 
above-mentioned solution using the permeable membrane which lets the with a molecular 
weight of 10000 or less matter pass, buffer A1 I. was used first and it dialyzed under 4 degrees 
C for 1 hour. The above-mentioned actuation was repeated twice and it dialyzed under 4 
degrees C for 1 7 hours using buffer A1 I. Liquid was made into ejection (recovery: 105ml) from 
the dialysis tube, and this was made into the liquid after dialysis. 

[0011] (4) DE52 (Watt Mann) was put in anion-exchange processing and a concentration 
1.0cmx1.0cmx25cm column (78.5ml). It equilibrated by Buffer A and the liquid after dialysis was 
made to stick to DE52 by the 3.5ml of the rates of flow, and min. Subsequently, it washed by 
buffer A100 ml and was eluted in the acid K buffer (50mM->500mM:500 ml, 500mM:120 ml) 
which does not get pH6.5. The result is shown in drawing 1 . Subsequently, the part of the slash 
of drawing 1 was isolated preparatively (recovery: 120ml). in addition to [ 56. 7g of ammonium 
sulfates ] the liquid isolated preparatively (70%), it salted out, and protein was settled. With the 
supercentrifuge. 5 degrees C, 20000 rpm, centrifugal was carried out for 5 minutes, and the 
supernatant was thrown away, dissolved settlings in the buffer A3 milliliter, and used them as 
the liquid after the anion exchange. 

[0012] (5) G-100 (Pharmacia) was put in gel filtration processing and a preservation 
0.8cmx0,8cmx70cm column (126ml). It equilibrated by Buffer A and 3ml of liquid after the anion 
exchange was applied. Buffer A was passed by the 0.33ml of the rates of flow, and min. The 
result is shown in drawing 2 . Subsequently, the part of the slash of drawing 2 was isolated 
. preparatively (recovery: 25ml), and cryopreservation was carried out at -80 degrees C. 

[0013] (6) When the alliinase and PeCSO of the garlic origin in which this enzyme carried out 
symptom isolation purification are made to react, unless this enzyme exists, don't produce a 
lachrymal component (thio pro panhard-S-oxide) at all. Existence of this enzyme can be 
checked by measuring the existence of generation of a lachrymal component by HPLC using 
this. Moreover, even if it uses the onion origin alliinase which carried out isolation purification 
by the approach of Mazelis instead of garlic alliinase, a lachrymal component is not produced at 
all, but in order to aim at the check of this enzyme, it is convenient to use more stable garlic 
alliinase. 

[0014] This enzyme was checked by the following approaches. 

1) Mix this enzyme with alliinase at a suitable rate. 

2) Add PeCSO and carry out an enzyme reaction for 1 minute. 

3) Add chloroform, **** an enzyme reaction to a stop and coincidence and **** a lachrymal 
component in a chloroform layer. 

4) Measure by HPLC (HPLC: high performance chromatography). 
(Conditions) 

column: — silica gel temperature: — 0-degree-C rate-of-flow: — 1 ml / min mobile phase: — 
2% isopropanol / n-hexane detector: — UV254 — nm [0015] (7) The enzyme preparation 
obtained by purification actuation of the property 1 book enzyme of this enzyme of the purity 
check above checked the single thing by SDS-PAGE electrophoresis. The result of 



SDS-PAGE electrophoresis is shown in drawing 3 . The molecular weight of a subunit was 
about 18000 as a result of SDS-PAGE electrophoresis. Molecular weight was about 
25000-28000 as a result of the gel filtration of FPLG. In this invention, measurement of 
molecular weight based on gel filtration technique is performed using FPLG (Pharmacia 
manufacture). [0016] 2) The activity measurement enzyme activity of this enzyme was 
measured by measuring the amount of the generated lachrymal component by HPLC, after 
optimum dose **** and predetermined made the PeGSO liquid of ****** carry out the time 
amount reaction of this enzyme and the garlic alliinase simultaneously. In addition, the amount 
of the generated thio pro panhard-S-oxide was calculated using being UVIambdahexane 
(max(e):254(5160) nm). moreover, enzyme activity — per for [ reaction ] 1 minute — thio pro 
panhard-S-oxide — Imicromol — the amount of enzymes to produce was defined as lunit. 
[0017] 3) The specific activity in the purification process of the specific activity book enzyme 
in the purification process of this enzyme was measured. In addition, protein was measured 
using the Lowry-Folin method. The result is shown in drawing 4 . 

[0018] 4) 1ml of these enzymes in which this enzyme carried out temperature stability 
purification was put into the 1.5ml tube, and it incubated for 1, 3, 5, 10, and 30 minutes on 
conditions (37 degrees G, 60 degrees G, and 95 degrees G). Subsequently, these were cooled 
at 0 degree G for 5 minutes, and temperature before a reaction was fixed. It was stable at 
37-60 degrees G as a result of activity measurement ( drawing 5 ). 

[0019] 5) The 50mM phosphoric acid K buffer of pH stability 3.0, 4.0, 5.0, 6.5, 7.5, and pH 9.0 of 
this enzyme was produced, and it considered as Buffer B. It incubated at the room 

. temperature in this refined lOOmicro liter of enzymes for a buffer B900micro liter in addition 10 
minutes, and 30 minutes. In pH 5.0-9.0. it was stable at 10 - 30-minute incubation as a result 

_ of activity measurement ( drawing 6 ). 

[0020] 6) The optimal pH pH conditions of this enzyme were changed, and the strength of the 
activity when setting pH5.5 to 100 was investigated. The result is shown in drawing 7 . The 
optimal pH of this enzyme was 5.0-6.0. 

[0021] 7) The optimum temperature temperature conditions of this enzyme were changed, and 
the strength of the activity when setting 20 degrees C to 100 was investigated. The result is 
shown in drawing 8 . The optimum temperature of this enzyme was 15-25 degrees C. It 
checked having the physicochemical property which this enzyme described above by the 
above. 

[0022] The various applications which used the operation of this enzyme for below are 
explained. 

It becomes possible to offer an application (1) onion workpiece onion with a gestalt proper as a 
workpiece in the condition that did not occur the aforementioned enzyme reaction, but enzyme 
alliinase and this enzyme deactivated, and PeGSO remained. Specifically, the rough fragile 
article which decorticated thru/or the onion of a hole can be used as the workpiece of the 
above-mentioned condition by heat-treatment, alcoholic immersion processing, etc. What is 
necessary is for boiling, a microwave oven, far infrared rays, retorting, etc. just to perform 
heat-treatment on conditions from which the main temperature of goods of an onion is held 5 



minutes or more above 80 degrees C. Alcoholic immersion processing can be performed by 
being immersed in ethanol etc. about one day. A workpiece can be made into proper gestalten, 
such as powder which carried out desiccation processing, and a rough fragile article. 
[0023] Since the onion powder generally conventionally used for food processing was a thing in 
the condition that a lifting and PeCSO exhausted the aforementioned enzyme reaction by the 
production process, it could not generate the lachrymal matter but had the place which cannot 
present the flavor of onion original, and a scent easily. On the other hand, in the workpiece of 
the above-mentioned mode, when this is used for food processing etc., the alliinase thru/or 
this enzyme contained in other raw materials (onion etc.) reacts with PeCSO in a product, and 
becomes possible [ presenting the flavor of onion original, and a scent ]. in this case, the inside 
of the dry product — alliinase thru/or this enzyme — each suitable ****** — it is also 
possible to blend like, to hydrate at the time of an activity, and to obtain the thing of the 
above-mentioned quality. As alliinase, the thing of the garlic origin has highly desirable stability. 
Moreover, by adjusting the amount of each enzyme, it is possible to be able to adjust suitably 
the quality and the amount of flavor and a scent which are obtained, for example, to advance 
the reaction of this enzyme, and to consider as a product with more sharp flavor and a scent, 
and it is possible to stop this and to consider as a mild product. 

[0024] Especially the onion powder obtained by the above-mentioned approach has the flavor 
of onion original, and a scent, and since sweet taste is strong and there is little bitterness, it 
becomes the outstanding thing which is not in the conventional product as raw materials, such 
as a stew, Calais, soup of a rahmen, and snack confectionery, and a seasoning, for example. 

. The suitable example of manufacture of the onion powder concerned is shown below. 

(Example of manufacture) Three onions (750g) were heated with the microwave oven for 10 

. minutes, and after adding and crushing 500ml of water, it froze thinly at -80 degrees C. 
Subsequently, this was dried at 30 degrees C with the freeze dryer for 48 hours, and with a 
content [ of PeCSO ] of about SOOmg onion powder 50g was obtained. 

[0025] (2) An onion flavor can be prepared by making the oil system base distribute the onion 
flavor PeCSO, alliinase, and this enzyme. In the condition that an oil intervenes, when it does 
not react, for example, the flavor concerned is used for food etc., hydration of the three 
above-mentioned components is carried out, and they present desired flavor and a scent. That 
quality can be suitably adjusted by changing the amount of the three above-mentioned 
components also in this case. 

[0026] (3) The eye lotion can be prepared using the powder prepared like the eye-lotion above 
(1). Since a lachrymal operation is done so when an enzyme reaction progresses at the time of 
instillation and the lachrymal matter generates, the eye lotion concerned takes effect for the 
therapy of a tear deficiency disease (dry eye) etc., for example. 
[0027] 

[Effect of the Invention] As explained in full detail above, according to this invention, a new 
lachrymal matter generation enzyme can be offered, and an enzyme can be manufactured by 
comparatively simple actuation from an onion etc. Since this enzyme has the operation which 
generates the lachrymal matter LF (namely, scent component) from PeCSO which exists in an 



onion etc. under coexistence of enzyme alliinase, it is applicable to an improvement of the 
flavor of an onion or an onion workpiece etc., for example. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the new lachrymal matter generation enzyme 
which generates the lachrymal matter Lachrymatory Factor (henceforth the lachrymal matter 
LF) generated under coexistence of enzyme alliinase in more detail from PeCSO of the 
sulfur-containing compound which exists in an onion etc., and its manufacturing method about 
the enzyme which acts on the precursor generated from PeCSO which exists in an onion etc., 
and generates the lachrymal matter under coexistence of enzyme alliinase. 

PRIOR ART 

[Description of the Prior Art] If an onion is cut or mashed, the volatile lachrymal matter LF will 
be generated. About this lachrymal matter LF in an onion, Virtanen and others The precursor is 
isolated from an onion and it is (+)-S about this. -(1-propenyl)- L-cysteine sulfoxide (it 
PeCSO(s)) The matter shown by three is identified among drawing 9 , and it is 1 -propenyl 
sulfenic acid (among drawing 9 ) about the lachrymal matter LF further. The matter shown by 
11 was identified (Spare and C.G.and Virtanen.A.I.. Acta Chem.Scand., 17, and 641 (1963)). 
Then, Brodnitz and others is checking that the lachrymal matter LF is thio pro 

. panhard-S-oxide (matter shown by 1 2 among drawing 9 ) by composition (Brodnitz. M.H., and 
Pascale, J.V.. J.Agric.Food.Chem., 19. and 269 (1971)). 

. [0003] Although the research result of the former many was reported about formation and its 
decomposition of the lachrymal matter LF in an onion, the generation mechanism of the 
above-mentioned lachrymal matter LF was considered enzyme alliinase acts on PeCSO of the 
above-mentioned precursor, and are generated. That is, as a mechanism which the lachrymal 
matter LF produces, enzyme alliinase acted on PeCSO of a precursor conventionally, and it 
was thought that it became the nonenzymatic more stable lachrymal matter through a sulfenic 
acid. However, according to the place which this invention person studied, actually, the 
above-mentioned component was not produced only in an operation of enzyme alliinase, but it 
became clear that the intervention of other enzymes is indispensable. Then, while finding out 
that the new enzyme considered that this invention person isomerizes the above-mentioned 
sulfenic acid, and generates the lachrymal matter LF as a result of repeating research further 
wholeheartedly existed, it turned out that the above-mentioned precursor becomes the flavor 
component of an operation of the enzyme concerned different from the lachrymal matter LF 
(namely, scent component) or this how therefore. 

EFFECT OF THE INVENTION 

[Effect of the Invention] As explained in full detail above, according to this invention, a new 



lachrymal matter generation enzyme can be offered, and an enzyme can be manufactured by 
comparatively simple actuation from an onion etc. Since this enzyme has the operation which 
generates the lachrymal matter LF (namely, scent component) from PeCSO which exists in an 
onion etc. under coexistence of enzyme alliinase. it is applicable to an improvement of the 
flavor of an onion or an onion workpiece etc., for example. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention — the above — it is completed based 
on new knowledge and aims at offering the new lachrymal matter generation enzyme which 
acts on the precursor of the lachrymal matter LF which exists in an onion etc.. and generates 
the lachrymal matter LF concerned, and its manufacture approach. 

MEANS 

[Means for Solving the Problem] namely, the lachrymal matter generation enzyme which 
generates the lachrymal matter from PeCSO to which this invention exists in an onion etc. 
under coexistence of enzyme alliinase — it comes out. 

Moreover, this invention is the lachrymal matter Lachrymatory Factor under coexistence of 
PeCSO of the sulfur-containing compound which exists in the following physicochemical 

. property:(1) operation; onions etc. to enzyme alliinase. Have the operation to generate. (2) — 
substrate specificity; — it acts on the precursor generated under coexistence of enzyme 

. alliinase from PeCSO which exists in an onion etc. — (3) — optimal pH; — pH 5.0-6.0 and (4) 
optimum-temperature; — 15-25 degrees C Stability [ set to 15-25 degrees C and the 
incubation for 10 - 30 minutes, and ] (5) — pH stability; — by pH 5.0-9.0 (6) — temperature 
stability; — the incubation for pH 6.5 or 5 minutes — setting — 60 degrees C or less — 
stability and (7) molecular-weight; — the aforementioned lachrymal matter generation enzyme 
which has about 18000 (SDS-PAGE electrophoresis method) and about 25000-28000 (FPLC 
gel filtration technique) — it comes out. furthermore, the manufacture approach of the 
aforementioned lachrymal matter generation enzyme characterized by this invention adding, 
crushing and extracting water for an onion — it comes out. moreover, the lachrymal matter 
generation enzyme in which generation of the thio pro panhard-S-oxide in UVIambdahexane 
(max(e):254(5160) nm) is shown when this invention is measured by the following approaches 
— it comes out. 

1) Mix this enzyme with alliinase at a suitable rate. 

2) Add PeCSO and carry out an enzyme reaction for 1 minute. 

3) Add chloroform, **** an enzyme reaction to a stop and coincidence and **** a lachrymal 
component in a chloroform layer, 

4) Measure by HPLC (HPLC: high performance chromatography). 
(Conditions) 



column: — silica gel temperature: — 0 degree-C rate-of-flow: — 1ml / min mobile phase: — 
2% isopropanol / n-hexane detector: — UV — the measuring method of the activity of the 
lachrymal matter generation enzyme which is made to add and carry out the enzyme reaction 
of the PeCSO, and is further characterized by to measure generation of thio pro 
panhard-S~oxide by HPLC (HPLC: high performance chromatography) 254 nm after this 
invention mixes a lachrymal matter generation enzyme with alliinase at a suitable rate — it 
comes out. 
[0006] 

[Embodiment of the Invention] Below, this invention is explained further at a detail. Suitably, 
the enzyme of this invention uses an onion etc. as a raw material, and is extracted and refined, 
and although manufactured, if it is the above-mentioned enzyme content ingredient, things 
other than an onion can be used for it like an onion as a raw material. The following approaches 
are illustrated as a suitable thing as the extract of the enzyme of this invention, and a 
purification process. That is, for example, an onion is used as a raw material, and it adds water 
to this with water, and crushes by a mixer etc. Centrifugal [ of the obtained debris ] is carried 
out, the supernatant is salted out, and protein is settled. Subsequently, it dissolves in the 
buffer solutions, such as a phosphoric-acid buffer, centrifugal [ of the above-mentioned 
settlings ] is carried out, and the supernatant is extracted as crude enzyme liquid. Here, 
although various kinds of things can be used as the buffer solution, a potassium phosphate 
buffer, a citric-acid buffer, an acetic-acid buffer, a tartaric-acid buffer, a succinic-acid buffer, 
a maleic-acid buffer, a Tris-HCI buffer, a citric-acid-phosphoric-acid buffer, etc. are 

. illustrated, for example. Next, the crude enzyme liquid obtained by the above-mentioned 
approach can be made into a purification enzyme preparation by carrying out purification 

. processing, combining suitably means, such as hydroxyapatite. an ammonium-sulfate 
salting-out, dialysis, the anion exchange, and gel filtration. Although purification of this enzyme 
from crude enzyme liquid can apply not only the above-mentioned approach but well-known 
separation and the purification approach, it can obtain crude enzyme protein from crude 
enzyme liquid with an ammonium-sulfate salting-out method, an organic solvent precipitation 
method, etc., and can carry out purification processing of this by combining suitably various 
chromatographies, such as the ion exchange, gel filtration, and an affinity, further, for example. 
[0007] This enzyme acts on the precursor generated from PeCSO of the sulfur-containing 
compound which exists in an onion etc. under coexistence of enzyme alliinase. Since the 
lachrymal matter LF is generated, work of the enzyme concerned for example, by adjusting by 
adjustment of pH and temperature conditions, application of an enzyme activity inhibitor, etc. It 
is possible to control the reaction path of the above-mentioned precursor, and, thereby, the 
shift to the lachrymal matter LF of a sulfenic acid (namely, scent component) or the shift to 
another flavor component can be controlled. Therefore, it becomes possible to manufacture 
onion workpieces. such as onion powder which controls change to a precursor and the 
lachrymal matter LF from the above PeCSO which exists in an onion by combining enzyme 
alliinase and this enzyme, and becomes possible [ adjusting the flavor of an onion and its 
workpiece, and stimulative ] for example, by which the flavor peculiar to an onion was 



reinforced, desired flavor, a flavor which has a scent, and a chemical which has a lachrymal 
operation. 

EXAMPLE 

[Example] Next, although this invention is concretely explained based on an example, this 
invention is not limited at all by the example concerned. 

It added water to II. of distilled water for three extract rough purification onions (790g) of an 
example 1 (1) enzyme, and crushed by the mixer. With supercentrifuge, centrifugal was carried 
out for 5 minutes, in addition to [ 709g of ammonium sulfates ] the supernatant (recovery: 1.51.) 
(70% saturation), it salted out 8000 rpm, 5 degrees C, and protein was settled. With the 
supercentrifuge, 8000 rpm, centrifugal was carried out for 5 minutes, and the supernatant was 
thrown away and dissolved 5 degrees C of settlings in buffer A1 I. (buffer A:pH6.5, 50mM 
phosphoric-acid K buffer). With supercentrifuge, 12000 rpm, centrifugal was carried out for 15 
minutes and 5 degrees C (recovery: 1 1.) of supernatants were used as rough purification liquid. 
[0009] (2) The hydroxyapatite high-speed rate-of-flow type (Wako) was put in the high 
RODOKISHI apatite processing 1.5cmx1 .5cmx30cm column, and it equilibrated by Buffer A. 
Subsequently, the liquid (recovery: 900ml) which the above-mentioned rough purification liquid 
was made to Pass by the 3.5ml of the rates of flow and min, and was made to Pass it was used 
as Pass liquid. 

[0010] (3) In addition to [ 424.8g of ammonium sulfates ] concentration and 900ml of dialysis 
- above-mentioned Pass liquid (70%), it salted out, and protein was settled. With the 
supercentrifuge, 1 2000 rpm, centrifugal was carried out for 5 minutes, and the supernatant was 
. thrown away and dissolved 5 degrees C of settlings in buffer A100 ml. In order to dialyze the 
above-mentioned solution using the permeable membrane which lets the with a molecular 
weight of 10000 or less matter pass, buffer A1 I. was used first and it dialyzed under 4 degrees 
C for 1 hour. The above-mentioned actuation was repeated twice and it dialyzed under 4 
degrees C for 17 hours using buffer A1 I. Liquid was made into ejection (recovery: 105ml) from 
the dialysis tube, and this was made into the liquid after dialysis. 

[0011] (4) DE52 (Watt Mann) was put in anion-exchange processing and a concentration 
1 .Ocmxl .0cmx25cm column (78.5ml). It equilibrated by Buffer A and the liquid after dialysis was 
made to stick to DE52 by the 3.5ml of the rates of flow, and min. Subsequently, it washed by 
buffer A100 ml and was eluted in the acid K buffer (50mM->500mM:500 ml, 500mM:120 ml) 
which does not get pH6.5. The result is shown in drawing 1 . Subsequently, the part of the slash 
of drawing 1 was isolated preparatively (recovery: 120ml), in addition to [ 56.7g of ammonium 
sulfates ] the liquid isolated preparatively (70%), it salted out. and protein was settled. With the 
supercentrifuge. 5 degrees C. 20000 rpm. centrifugal was carried out for 5 minutes, and the 
supernatant was thrown away, dissolved settlings in the buffer A3 milliliter, and used them as 
the liquid after the anion exchange. 

[0012] (5) G-100 (Pharmacia) was put in gel filtration processing and a preservation 
0.8cmx0.8cmx70cm column (126ml). It equilibrated by Buffer A and 3ml of liquid after the anion 



exchange was applied. Buffer A was passed by the 0.33ml of the rates of flow, and min. The 
result is shown in drawing 2 . Subsequently, the part of the slash of drawing 2 was isolated 
preparatively (recovery: 25ml). and cryopreservation was carried out at -80 degrees C. 
[0013] (6) When the alliinase and PeCSO of the garlic origin in which this enzyme carried out 
symptom isolation purification are made to react, unless this enzyme exists, don't produce a 
lachrymal component (thio pro panhard-S-oxide) at all. Existence of this enzyme can be 
checked by measuring the existence of generation of a lachrymal component by HPLC using 
this. Moreover, even if it uses the onion origin alliinase which carried out isolation purification 
by the approach of Mazelis instead of garlic alliinase, a lachrymal component is not produced at 
all, but in order to aim at the check of this enzyme, it is convenient to use more stable garlic 
alliinase. 

[0014] This enzyme was checked by the following approaches. 

1) Mix this enzyme with alliinase at a suitable rate. 

2) Add PeCSO and carry out an enzyme reaction for 1 minute. 

3) Add chloroform, **♦* an enzyme reaction to a stop and coincidence and **** a lachrymal 
component in a chloroform layer. 

4) Measure by HPLC (HPLC: high performance chromatography). 
(Conditions) 

column: — silica gel temperature: — 0-degree-C rate-ofHlow: — 1 ml / min mobile phase: — 
2% isopropanol / n-hexane detector: — UV254 — nm [0015] (7) The enzyme preparation 
obtained by purification actuation of the property 1 book enzyme of this enzyme of the purity 

. check above checked the single thing by SDS-PAGE electrophoresis. The result of 
SDS-PAGE electrophoresis is shown in drawing 3 . The molecular weight of a subunit was 

. about 18000 as a result of SDS-PAGE electrophoresis. Molecular weight was about 
25000-28000 as a result of the gel filtration of FPLC. In this invention, measurement of 
molecular weight based on gel filtration technique is performed using FPLC (Pharmacia 
manufacture). [0016] 2) The activity measurement enzyme activity of this enzyme was 
measured by measuring the amount of the generated lachrymal component by HPLC, after 
optimum dose **** and predetermined made the PeCSO liquid of ****** carry out the time 
amount reaction of this enzyme and the garlic alliinase simultaneously. In addition, the amount 
of the generated thio pro panhard-S-oxide was calculated using being UVIambdahexane 
(max(e):254(5160) nm). moreover, enzyme activity — per for [ reaction ] 1 minute — thio pro 
panhard-S-oxide — Imicromol — the amount of enzymes to produce was defined as lunit, 
[0017] 3) The specific activity in the purification process of the specific activity book enzyme 
in the purification process of this enzyme was measured. In addition, protein was measured 
using the Lowry-Folin method. The result is shown in drawing 4 . 

[0018] 4) 1ml of these enzymes in which this enzyme carried out temperature stability 
purification was put into the 1.5ml tube, and it incubated for 1, 3. 5, 10. and 30 minutes on 
conditions (37 degrees C, 60 degrees C, and 95 degrees C). Subsequently, these were cooled 
at 0 degree C for 5 minutes, and temperature before a reaction was fixed. It was stable at 
37-60 degrees C as a result of activity measurement ( dra wing 5 ). 



[0019] 5) The 50mM phosphoric acid K buffer of pH stability 3.0. 4.0. 5.0. 6.5. 7.5. and pH 9.0 of 
this enzyme was produced, and it considered as Buffer B. It incubated at the room 
temperature in this refined lOOmicro liter of enzymes for a buffer B900micro liter in addition 10 
minutes, and 30 minutes. In pH 5.0-9.0. it was stable at 10 - 30-minute incubation as a result 
of activity measurement ( drawing 6 ). 

[0020] 6) The optimal pH pH conditions of this enzyme were changed, and the strength of the 
activity when setting pH5.5 to 100 was investigated. The result is shown in drawing 7 , The 
optimal pH of this enzyme was 5.0-6.0. 

[0021] 7) The optimum temperature temperature conditions of this enzyme were changed, and 
the strength of the activity when setting 20 degrees C to 100 was investigated. The result is 
shown in drawing 8 . The optimum temperature of this enzyme was 15-25 degrees C. It 
checked having the physicochemical property which this enzyme described above by the 
above. 

[0022] The various applications which used the operation of this enzyme for below are 
explained. 

It becomes possible to offer an application (1) onion workpiece onion with a gestalt proper as a 
workpiece in the condition that did not occur the aforementioned enzyme reaction, but enzyme 
alliinase and this enzyme deactivated, and PeCSO remained. Specifically, the rough fragile 
article which decorticated thru/or the onion of a hole can be used as the workpiece of the 
above-mentioned condition by heat-treatment, alcoholic immersion processing, etc. What is 
necessary is for boiling, a microwave oven, far infrared rays, retorting, etc. just to perform 

- heat-treatment on conditions from which the main temperature of goods of an onion is held 5 
minutes or more above 80 degrees C. Alcoholic immersion processing can be performed by 

. being immersed in ethanol etc. about one day. A workpiece can be made into proper gestalten. 
such as powder which carried out desiccation processing, and a rough fragile article. 
[0023] Since the onion powder generally conventionally used for food processing was a thing in 
the condition that a lifting and PeCSO exhausted the aforementioned enzyme reaction by the 
production process, it could not generate the lachrymal matter but had the place which cannot 
present the flavor of onion original, and a scent easily. On the other hand, in the workpiece of 
the above-mentioned mode, when this is used for food processing etc., the alliinase thru/or 
this enzyme contained in other raw materials (onion etc.) reacts with PeCSO in a product, and 
becomes possible [ presenting the flavor of onion original, and a scent ]. in this case, the inside 
of the dry product — alliinase thru/or this enzyme — each suitable ****** — it is also 
possible to blend like, to hydrate at the time of an activity, and to obtain the thing of the 
above-mentioned quality. As alliinase. the thing of the garlic origin has highly desirable stability. 
Moreover, by adjusting the amount of each enzyme, it is possible to be able to adjust suitably 
the quality and the amount of flavor and a scent which are obtained, for example, to advance 
the reaction of this enzyme, and to consider as a product with more sharp flavor and a scent, 
and it is possible to stop this and to consider as a mild product. 

[0024] Especially the onion powder obtained by the above-mentioned approach has the flavor 
of onion original, and a scent, and since sweet taste is strong and there is little bitterness, it 



becomes the outstanding thing which is not in the conventional product as raw materials, such 
as a stew, Calais, soup of a rahmen, and snack confectionery, and a seasoning, for example. 
The suitable example of manufacture of the onion powder concerned is shown below. 
(Example of manufacture) Three onions (750g) were heated with the microwave oven for 10 
minutes, and after adding and crushing 500ml of water, it froze thinly at -80 degrees C. 
Subsequently, this was dried at 30 degrees C with the freeze dryer for 48 hours, and with a 
content [ of PeCSO ] of about 500mg onion powder 50g was obtained, 

[0025] (2) An onion flavor can be prepared by making the oil system base distribute the onion 
flavor PeCSO, alliinase, and this enzyme. In the condition that an oil intervenes, when it does 
not react, for example, the flavor concerned is used for food etc., hydration of the three 
above-mentioned components is carried out, and they present desired flavor and a scent. That 
quality can be suitably adjusted by changing the amount of the three above-mentioned 
components also in this case. 

[0026] (3) The eye lotion can be prepared using the powder prepared like the eye-lotion above 
(1). Since a lachrymal operation is done so when an enzyme reaction progresses at the time of 
instillation and the lachrymal matter generates, the eye lotion concerned takes effect for the 
therapy of a tear deficiency disease (dry eye) etc., for example. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The elution pattern of this enzyme (shadow area of drawing) in an anion-exchange 
chromatography is shown. 
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[Drawing 2] The elution pattern of this enzyme (shadow area of drawing) in gel filtration is 
shown. 
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[Drawing 3] The result of SDS-PAGE electrophoresis is shown. 




[Drawing 4] The specific activity in the purification process of this enzyme is shown. 
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[Drawing 5] The measurement result of the temperature stability of this enzyme is shown. 
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[Drawing 6] The measurement result of the pH stability of this enzyme is shown. 
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[Drawing 7] The result of having investigated the optimal pH of this enzyme is shown. 
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[Drawing 8] The result of having investigated the optimum temperature of this enzyme is 
shown. 
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[Drawing 9] The explanatory view about formation and decomposition of the lachrymal matter 
in an onion is shown. 
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[Description of Notations] 

E2: The lachrymal matter generation enzyme of this invention 
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[00141 JiilT<75;»7jtl:i J; "5 , *S^«(/)?«m5rff o 

1) Ty'f:^— ei::^gf^^aS/jjfi|^-eii^1-5o 

2) P e CSO?r»Ll5>ffl, gl^R^c;;^ $-t!:5„ 

3) P D7;t/l'A^iP;iTSI*SfS^itto, l«lB#lCffi 

4) HPLC (HPLC : jSiiijSf*:^'n-7 h^y^^- 

-) T'S'J^1-S„ 30 

£JS : 0''C 

: 1 5 y y hJl^/m i n 

l^tti^ : UV 2 5 4 nm 

[0015] ( 7 ) 4>;^*<ottK 

1 ) ^mmoym&mm 

±.m(ommmm^ i oT#c>n/c^*isfa!4. s d s - 

p ACEm^i^mvm-X'h^-t^mmtti, sds 4o 
-PAGEi:M»»)WT'S^^ii3:;/T:-r, sds- pa 

GEll%i^moy^m. -y-^"^- H W:9-^ftl±ft 1 8 0 
OOX'h-otz, F P L C(Oy/U;ti^g>^S, -^-F-Siia 

2 5 0 0 0-2 8 0 0 O-r-foo/z. '^IgB^lCj^Jl ^ 

>umimt\zSi-3<',^^m(nmipit. fplc (7t/^-7 

[0 0 16] 2 -*:S?4-5^-'iSfel.'E 
g^^iSftlt. iKnifc^) P e C S 0,-z:'- i^m^ '-=-'y=.^ 



JRfffF 3 3 3 0 3 0 5 

8 

-;t=^-> KWft:iUV a" (max(e):2 5 4 (5 1 
6 0) nm) T'*)5^i:&flJfflL,Tff»Lfc„ ^ 

->K^1 mo 1 5fei:-5^^fltSr 1 u n i t t^^L 

[0 0 1 71 3) :*:^^ro^KiiS!^t5tt5itStt 

Ri±Lowry-Fol i nfe^fflV^-CiiJ^Lfc. ^-(75 
,1^*^ia4|C^1-o 

[0018] 4 ) /^^^(OiaS^^tt 
tSKLfc*^« 1 5 y y y b/i'^ 1 . 5 5 y y -y h/Pf- 

^-yi;iAn3 7^0. 6 o'c, 9 5t:<o^ff-ei . 3, 

5> 10. 3 OtJ^'TV^^-^- h Lfco ?*:V^T% 
^ 0 "CT- 5 '^~^n LSfc;flW!aiS^-/El:: Lfco gttiJ 
^Olg* (135) . 3 7-6 O^Ct'^ST-foofco 
[00191 5 ) p ^tt 

pH3. 0. 4. 0. 5. 0. 6. 5. 7. 5. 9. 0 
C0 5 0mM9^^K/<5/7r-^^tML. /^y77-B 

i: tfc„ ffiiliLfc*SI«i 0 0 M y h/P!c/<y7r- 
B 9 0 0 y 5/ h/i'AP;i-C 1 0 5}-, 3 0:$)^^fiT'>(' V'^ 
^-^-hLTt, Si4iiJ^(0^* (0 6) . 1 0-3 0^ 
^' V:^ra^- hT'pHS. 0~9. 0 lCiol/^-CS^T'i) 

[0 0 2 0] 6) *^^-(OMiipH 

pH^#5r^;t-C. pH5. 5 ^ 1 0 0 t Lfc # Wfif 

jgpHllS. 0~6. OT-fcof;„ 
[0 0 2 11 7 ) *©*<?5^jijaS 

fi]t*ft?r'^;tT, 2 0"C^1 OOt Lfct§r(;:,ygtt(7^ 

gtii 5-2 5'ic-e*>ofco «±i'j;«). imm'^mi. 

[0 0 2 2] li^TI-, *:^*«f^ffl^#iJffl Lfc^ttlttffl 
(1) S^^PIb'?. 

Au^^mm^^\B\.. p e c s oAm^LtzikmiDrnT. 

i-'o 1 1 T 1 f,^X A ^ tP rJi.'i:. ^L^-i^tPP. L 
[0 0 2 31 {i. -s5:;:/u'f:tJ r.itt;'. >;,tvr'. '^j fi 



(5) 



s.mxm',^m\^^tzm^',z.^ mtDm^ ic^th 

±tE<75p"pS(^ t>rolr#5 i 0 \ciri> r i: t olfi^T-fo^c 10 

•y-T'TiSp^nt-rs^i/J^T^fgT-fc!?. Sit. rlx^a 
X T -7 -r / u K S d"p i: 5 ^ i: bJ T' fo -5 o 
10 0 2 4] ±iE;^&ici i9#f5tv?)i^/<'>i?'' 

;^-t-y^'mi^^rc>J®#4t LT, Sfc, 20 

S^3il (7 5 0 g) ^m.'fi^yiyxio^ 

mmt. 7^5 0 0 %])]) y h/L'^AP;tT^#Lfcm, - 
8 0'C-C-|i<^i^Lfi, i>:i/^-C\ in*<Sie^«ilT'3 
O'CX'4 smm^^tX. P e CS0(0#l:ii!^5 0 Om 
g CD£^/N° 5 0 g iWCo 

[0 0 2 5] (2) 5^7 1^— 

Pecso, ry-r-t— fefst>**^*^ffl*'<-^ic5^ 



#fF3 3 3 0 3 0 5 
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±IB(7^3B)t^(7)ft^^-x-5r i::cj;f>^Wp"pK^ii 
[0 0 2 61 (3) @^ 

±fe (1) tuaicLTffiKtfc/^-^y-^ffl^^re^ 

Srisi^-fs r t r^X'% 6. Mm',zmmfxmAmA.xm 

[00 2 7] 

[0 3] SDS-PAGEl:^»l()»^*^*-r„ 
[04] *SI*<7)»»iSSlCjo(t5J:b»tt**1-„ 
[0 5] *»*wag^^1t(DilJS^**.T^1-„ 
[0 6] *ll*(75pH^Stt(75)IlJ^^lSm^*i-o 
[0 7] *l|^(OMjapH^p-<fc^*^^1-„ 

[0 8] *i#*(7)safis^ii'<fcigft^*-ro 
E 2 : :^^m(r>mm^i^n^f&mm 



[01] 



[02] 



[0 7] 



0.45 



zeonm 




100 ZOO 300 400 500 600 700 

smm (Ml) 
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20 



40 60 60 



100 120 




4.5 5.0 6.5 6.0 6.5 7.0 7.5 8.0 8.5 
PH 



4 

m 



(i) 



1#rF 3 3 3 0 3 0 5 



[1131 




(8) 



^tf- 3 3 3 0 3 0 5 



0 
T 



0 
T 

. CHiCH=CHSCH2CHC00H 
3 NH, 



CHsCH=CHSH or CHiCHjCH=SO + CHsCOCOOH + NHj 



11 12 



{CH3CH=CH0H) + S 



CHiCHiCHO^ 
13 



I 
I 

1 

CHjCHO + COj 
/I 
/ 1 

/ t 

/ CHjCH=CHCHO 

/ ! 
/ i 

CHiCHtCHiCHO 



CHiCHjCH=CCHO CHjCH=CCHO 
I 1* CH, I CH, 



» 



CHjCHtCHiCHCHO CH3CH2CHCHO 
CHs CHs 
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